Further work for establishing dose estimates for risk evaluation in epidemiological work is important. In vitro systems should be applied for further identification of the mechanism of the carcinogenic effects, and animal experiments are urgent for comparison of the careinogenic potency of the different hexavalent salts. Hexavalent chromium salts must be regarded as established carcinogens, and proper action should be taken in all industries with regard to such exposure. At present the carcinogenic risk to the general population caused by chromium compounds seems to be negligible, chromium in cigarettes, however, is an uncertainty in this respect. The amount of chromium and the type of chromium compounds inhaled from cigarettes is not known. ral toxicology of chromium compounds differences in cancer causing effects between solu-.viewed by the National Academy of ble and slightly soluble salts of hexavalent chromiand by the National Institute of Occu-um. The specific compound or compunds which 'ety and Health (2) . The careinogenic have caused cancer in chromate workers are not of chromium compounds have been known, and an important problem is also the lack of reviewed by the International Agency adequate dose registration for dose-response evalh on Cancer (3) . More recently, several uatioons and risk estimation. The importance of -eviews of the toxicology of chromium smoking in chromium carcinogenesis is not known. ablished (4) (5) (6) (7) (8) Both trivalent and hexavalent chromium are found in nature, but the trivalent is the more common form. Divalent chromium compounds wrill oxidize unless protected from air. Chromium in biological materials is probably always trivalent (13) . When animals are exposed to hexavalent chromium, the hexavalent fonn exists for some time indicated by a different distribution pattern than after exposure to the trivalent form (4). After some time only trivalent chromium is found. When added to tissue in vfitro, the reduction takes place within minutes (14) . The so-called glucose tolerance factor, which has not been fully identified, is a trivalent chromium complex with niacin (15) . The trivalent chromium ion has a strong tendency to form coordination complexes and chelates in aqueous solutions and does not exist in the free form (Table 1) . Water may serve as a ligand, but in complex solutions water may be replaced by other anion (halides, sulfates, organic acids). Under alkaline conditions, foming of polynucleate complexes which may precipitate due to a replacement of water with OH-takes place (13) .
The hexavalent form of chromium is almost always linked to oxygen and is a strong oxidizing agent (Table 1) . The hexavalent form is readily reduced to the trivalent form by contact with organic matter. Oxidation oftrivalent chromium (or chromium metal) to the hexavalent form in organic matter seems unlikely (13) . (13, 16) . Once in the cell, the hexavalent form is reduced to the trivalent. The site in the cell for this conversion has been suggest. ed to be both the plasma membrane, the endoplasrnic reticulum, the mitochondria or the cell nuclew (17) (18) (19) (20) (22) . Chromium in RNA may be in an organic form; orgnochromium in compounds of toxicological significance has not been described, but chromium carbonyl causes cancer in a transplantation animal technique (23) .
Environmental Exposure
Chromium exposure to the general public has important health consequences because of its skin sensitizing effect. Chromium is among the most common sensitizers in allergic eczema (24) . The daily intake from food has been estimated to be in the range of 0.03-0.1 mg (1, 4) . The chromium content in municipal drinking water has been estimated to be in the same range as in rivers and lakes (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) limgll.), occasionally somewhat higher (1 (12) .
Tobacco has been reported to contain up to about mg/kg of chromium, but most values are rerted to be low 5 mg/kg (25) (26) and Mancuso (27) Wrported exposure levels of up to i mg/M3 in a chromate producing plant, but most values were in the range of 0.26-0.52 mg/m'* A five-shift mean value of 1.35 mg/m3 for a sack filling operation was eported by Langard and Norseth (28) (29) . In a recent review a chromium posure up to 5 mg/m3 in the plating industry was mentioned, but most values were in the range 0.1-0.2 mg/i3 (2) . Similar values for chromium ,exposure im different industries have been indicatPed in a review by Hayes (30 
Epidemiological Studies
The epidemiology of cancer in chromium exposed workers has recently been reviewed by Hayes (30) . s g f Even if the first cases of cancer were described in g.,secondary users of chromates (30) Mancuso (27) and Mancuso and Hueper (26) stated in 1951 that inhalation of chromite ore dust characterized as insoluble chromium might be an important factor in the production of lung tumors. None of their lung cancer deaths were found in workers exposed predominantly to soluble chromium compounds (hexavalent). Mancuso (37) recently published a followup of this group and stated that both exposure to trivalent and hexavalent chromium constitute a cancer risk. The (10) , and Sunderman (11) has revi'ewed the effect of metals on genetic material both in isolated biochemical systems, in microbiological systems and in in vitro cell systems.
Chromates are mutagenic in Escherichia coli and in Salmonella typhimurium (60) (61) (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (72) and influence DNA repair in Bacillus subtilis (69, 73) . Venitt and Levi (60) and Petrilli and de Flora (62) in a comparative study found no significant differences in dose-response between the soluble and slightly soluble compounds in either the Salmonella or the Coil system. Chromates seem to be directly acting mutagens as no activation by microsome fractions is necessary. De Flora (19) , on the contrary, found a deactivation of sodium dichromate as a mutagen in the Salmonella system by adding liver microsomal fraction. This has been confirmed by Lofroth (18) and PetriUi and de Flora (67) . Nishioka (73) found that the mutagenic effect disappeared when the hexavalent salts were reduced to the trivalent form in the experimental system using sodium sulfite. Oxidation of the trivalent form to the hexavalent in the test system, on the other hand, increases the activity (68) . Trivalent chromium salts seem in general to be without or with a very weak mutagenic activity in bacterial systems.
Of particular interest is a theory set forward by Lofroth (18) that the causative agent in chromium mutagenesis is trivalent chromium bound to genetic material after reduction of the hexavalent form by a NADPH dependent microsomal enzyme system. The decrease in activity reported by the reduction of the hexavalent form to the trivalent form (19, 66, 73) , might then be explained by a decreased uptake of the trivalent form by the cells.
Potassium dichromate is mutagenic in yeast (74) , and soluble hexavalent salts induce morphological transformation and chromosomal aberrations in manunalian cells in vitro (69, (75) (76) (77) (78) (79) (80) (81) . Chromosomal aberrations are also found in workers engaged in 125 chrome production (82). Nakamuro et al. (69) found that both hexavalent and trivalent soluble salts had this effect, but the hexavalent salts were the most potent. Newbold et al. (79) could not, however, demonstrate effects of lead chromate (insoluble hexavalent). Soluble trivalent salts had no such effect (79, 80) . In hamster embryonic cells the effect of potassium dichromate disappeared when chromium was reduced to the trivalent form in the experimental system (77). Sirover and Loeb (83) found increased error frequency in DNA synthesis in vitro with both trivalent and hexavalent chromium with a 30% error with chromium concentrations but assume that trivalent chromium is the active agent within the cell. Both the soluble hexavalent and trivalent salts decreased the DNA synthesis, but after adding either form only the trivalent was found inside the cells. The necessary concentration was a 100 times higher for the trivalent forn than for the hexavalent fonn to get an effect. Hexavalent chromium first stimulated nucleoside uptake by the cells, then -inhibited the uptake; amino acid uptake was only inhibited. The trivalent form had no such effects (91, 92) . Also an effect of potassium dichromate on mitosis in mammalian cells has been demonstrated (93) .
Evaluation of Present State of Knowledge;
Chromium as the glucose tolerance factor has an essential function in humans. High concentration of chromium is found in RNA and a stabilizing function of chromium has been suggested. Only the hexavalent and the trivalent chromium compounds have biological importance. The hexavalent form is a strong oxidizing agent and is almost always found together with oxygen. The hexavalent form is rapidly transformed to the trivalent form in contact with organic materials. Hexavalent chromium salts readily pass biological membranes, trivalent chromium does not seem to do so. Once in the cell, the hexavalent form is rapidly reduced to the trivalent 126 form. The 
